Introduction
The organic hydrogen getter bis (1-hydroxyl cyclopentyl) butadiyne (HCPB, Figure 1 ) is used to protect some weapon components from the potentially negative effects of hydrogen. HCPB scavenges the available hydrogen by reacting with it, thereby forming reaction products that must he evaluated for their compatibility with the weapon system.
In an earlier report [1] , it was shown how such a mixture of reaction products could be separated with thermal gradient sublimation and the components subsequently structurally analyzed with a combination of infrared (IR), chemical ionization mass spectroscopy, proton nuclear magnetic resonance (NMR) and carbon-13 NMR.
The physical state of each component in the mixture was also determined; some were solids while others were viscous liquids. This was interesting from a compatibility standpoint cyL-jsQ
The chemical structure of because of the expected increase in migration potential of a liquid relative to a solid.
The determination of the volatilities of these getter reaction products is at least as important as, if not more important than, the assignment of their chemical structures. The fact that some of these mixtures have a noticeable butanolic smell indicates that some components have a significant vapor pressure.
In this study, the vapor pressures of a number of isolated getter products were measured, providing for the first time hard data relevant to the migration potential of these materials.
Results and Discussion
It is possible to isolate small quantities (approximately 0.1 g) of individual compounds within a getter product mixture through repeated thermal gradient sublimation, as described in the previous paper \1].
To measure the vapor pressure of such a small quantity, a special device was built that consists of a Baratron capacitance manometer coupled to the sample holder and vacuum system (Figure 2) .
The system is all metal, except for the glass sample tube, and it increased, levelling off in about 30 s. This value was taken as the vapor pressure of the sample.
The vapor pressures in this report were obtained at room temperature. While it might be desirable to measure them as a function of temperature, the entire manometer apparatus of Figure 2 would have to be held at the temperature of interest in order to make the measurement.
Since the Baratron capacitance manometer is calibrated to operate at room temperature only, it was not practical to pursue variable temperature work.
can therefore degas quickly and hold a tight seal. The dead volume (volume of the system up to valve A) in the unit is kept low (approximately 10 cc) so that the solid or liquid sample of interest quickly reaches equilibrium with its vapor phase prior to the pressure measurement. The Baratron manometer was calibrated over the 1-1000 mtorr range.
The following procedure was utilized for vapor pressure measurement.
A small quantity of compound (less than 0.1 g) was placed in the glass sample tube, which was connected to valve B with a swagelock fitting. The sample tube was then cooled with a cold ethanol bath (-20°C) , and the entire system was evacuated to belov; 1 mtorr. Typically, three freeze/pump/thaw cycles were performed to degas the sample and ensure that it was dry.
(Water will be pumped away under these conditions.) After the final freeze and pumpdown, valve A was closed, the cold ethanol bath was removed, and the sample was allowed to warm to room temperature.
As warming occurred, the measured pressure gradually A sample of hydrogen getter reaction products (DD-31) was obtained from Dr. Dan Doughty of Sandia-Livermore. This mixture resulted from the partial hydrogenation of an HCPB sample.
The product distribution in DD-31 is indicated by its gas chromatogram shown in Figure 3 .
Correlation of this gas chromatogram (GC) with the results from thermal gradient sublimation of DD-31 shows that the GC peaks with higher scan numbers correspond to the less volatile compounds in the mixture; i.e., those with the lowest vapor pressure. In this study, the vapor pressures of the components labelled 1, 2, 3, and 4 were measured.
Repeated thermal gradient sublimations were performed to obtain pure samples of components 2, 3, and 4 for vapor pressure measurement. A sample from another source was available for component 1.
Component 1 -HCPB
Earlier work has shown that component 1 is HCPB, the unreacted getter material. A sample of this crystalline white solid 4 300 400 Scan No. 300 400
Scan No.
FIGURE 3 -Gas chromatogram of mixture DD-31. Peak numbers identify mixture components referred to in this report.
FIGURE 4 sample. Gas chromatogram of an HCPB (whose purity was confirmed with GC, Figure 4 ) was examined with the pressure measurpment device described above, but gave no signal in repeated measurements, indicating that its vapor pressure was below one mtorr at room temperature (22''C) . This result is consistent with the observation that HCPB must be heated to about 50°C before it will sublime at any appreciable rate under an applied -4 vacuum of 3 x 10 torr.
Component 2
Component 2 is a crystalline white material whose structure is shown in Figure 5 .
A sample of this material which had been analyzed by gas chromatography for purity ( Figure 5 ) was used for vapor pressure measurement. In repeated trials, measurements indicated that the vapor pressure was below the range of the Baratron (i.e., below 1 mtorr) .
The melting point of the compound was measured at 87"C, which was lower than the HCPB melting point of 132°C. FIGURE 5 -Gas chromatogram shows the purity of a component 2 sample isolated from mixture DD-31.
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Component 3
Component 3 is a colorless oil whose structure is shown in Figure 6 . A sample of this material was checked for purity using GC (Figure 6 ) prior to the measurement of its vapor pressure. In a number of determinations, the value obtained was either at or below 1 mtorr. Since these measurements were at the lower detection 
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FIGURE 6 -Gas chromatogram shows the purity of a component 3 sample isolated from mixture DD-31.
limit of the Baratron, the correct value can only be estimated at somewhere in the -4 -3 range of 1 x 10 torr to 1 x 10 torr. This low value is consistent with the sublimation behavior of the material and with the fact that this oil has no discernible smell when it is in a pure form.
An attempt was made to measure the boiling point of component 3 using a standard microboiling point apparatus (Figure 7) . In this device, an inverted capillary tube is placed in a drop of sample mounted adjacent to a thermometer in a heated oil bath. The bath is heated until bubbles of vapor stream from the capillary tube, whereupon heat is removed.
The temperature at which bubbling stops is taken as the boiling point. The application of this technique to component 3 showed that it does not boil at or below 170°C; at this temperature it began to thermally decompose. 
Component 4
Component 4 consists principally of two compounds, as shown in the GC trace in Figure 8 . These materials have not been unambiguously identified. Gas phase IR, 13C and IH NMR, and GC/mass spectroscopy were run on samples of this component, but generated conflicting data which have not been helpful in assigning the structures of the two compounds. The small sample size has added to these difficulties.
It may be cautiously stated that the compounds have masses 206 and 208 and that the 208 compound does not contain an alcohol.
Other conclusions are less certain; some results point to a ketone or other type of unsaturation in one or both of these molecules.
The compounds are too close in volatility to isolate individually with gradient sublimation or trap-to-trap distillations. However, since their volatilities <ire so similar, the individual vapor FIGURE 8 -Gas chromatogram shows the two compounds of component 4 which were isolated from mixture DD-31.
pressures of the two will be close to vapor pressure measured for component 4.
The value obtained for component 4 was 92 ± 15 mtorr.
An attempt was made to measure the boiling point of component 4 using the apparatus described above. No boiling was observed up to 150°C, the point at which thermal decomposition began.
Summary
An organic hydrogen getter is included in an existing weapon component to scavenge unwanted hydrogen gas within the device. A sample of this getter was subjected to a test hydrogenation, which produced a mixture of products. It was desirable to quantify the vapor pressure of these products in order to assess their migration potential within the weapon.
An earlier report [1] on hydrogen getter analysis described how a reacted getter material could be separated into its component fractions through thermal gradient sublimation and vacutim line trapping.
The repeated application of these procedures resulted in the isolation of small quantities of purified fractions whose individual vapor pressures were measured with a modified capacitance manometer. A total of four fractions were examined: two solids and two oils.
The two solids had room temperature vapor pressures below 1 mtorr. One oil seemed to have a vapor pressure close to the lower limit of the manometer (1 mtorr); the second oil gave a value of 92 ± 15 mtorr.
The first solid was the parent getter compound, whose known melting point is 132°C.
The previously undetermined melting point of the second solid is 87 °C.
Attempts were made to determine the boiling points of the two oils, but each thermally decomposed without boiling at around leO-C.
